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Quasi-Schottky barrier diode on n-Gao.47Ino.s3 As using a fully depleted p +-
Gao.47Ino.s3 As layer grown by molecular beam epitaxy 
c. Y. Chen, A. Y. Cho, K. Y. Cheng, a) and P. A. Garbinski 
Bell Laboratories, Murray Hill, New Jersey 07974 
(Received 12 October 1981; accepted for publication 8 December 1981) 
A quasi-Schottky barrier diode made on n-Gllo.47 Ino.53 As has been demonstrated. This device 
utilizes a fully depleted ultrathin p + -Gllo.47 100.53 As layer grown by molecular beam epitaxy to 
increase the barrier height. An increase in the barrier height of 0.27 V, making the total barrier 
height 0.47 V, has been obtained. A low reverse leakage current and a hysteresis-free 
capacitance-voltage characteristic suggest that this structure should be useful as a current 
control gate for high speed field-effect transistors. 
PACS numbers: 73.30. + y, 73.40.Ns, 85.30.Tv 
Recent studes have suggested that Gao.47 Ino.53 As is a 
promising material for high speed field-effect transistor 
(FET) applications. First, experimental study shows that n-
Gllo.47 Ino.53 As has the highest low field mobility among the 
quaternary system that can be grown lattice matched to 
InP.I-3 Second, a theoretical study using Monte Carlo simu-
lation predicts Gao.47 Ino.53 As to have a peak electron veloc-
ity higher than that of GaAs. 4 The development of the field-
effect transistor, however, suffers from the lack of a suitable 
Schottky barrier gate. Auln-Gllo.47 100.53 As contacts have a 
barrier height of about 0.2 V,5 too low for FETapplications. 
Several approaches to overcome this problem have been re-
ported. A p-n junction gate fabricated by Zn diffusion was 
demonstrated by Leheny et al.6 Schottky diodes with a thin 
oxide layer were reported by Morgan and Frey.7 This struc-
ture has resulted in a low reverse leakage current. However, 
high interface state density, oxide breakdown, and charge 
storage effects remain as problems to be overcome. More 
recently, field-effect transistors made using a semi-insulat-
ings AIo.48 100.52 As layer to raise the Schottky barrier height 
and using a metal insulator semiconductor structure9 were 
reported. 
In this letter, we demonstrate for the first time a 
Gllo.47 Ino.53 As Schottky gate structure with homoepitaxial 
growth for FET applications. This structure uses an ul-
trathin and fully depleted p + -Gao.47 100.53 As layer grown by 
molecular beam epitaxy (MBE) to raise the effective 
Schottky barrier height. The change of Schottky barrier 
height using a doped semiconductor layer was first reported 
on n-CdS using Cu diffusion. \0 This approach was then ap-
plied to Si by Shannon using low energy ion implantation. II 
Because ofits precise control over the layer thickness and the 
amount of doping species, 12 MBE is a convenient technique 
for this application. 
The quasi-Schottky barrier structure is grown on, an n + 
(Ioo)-oriented InP substrate. The growth starts with an n+-
Gllo.47 Ino.53 As (0.5 pm, 2 X lOIS cm -3) layer, followed by an 
n-Gao.47IOo.53As layer (3 fm, I X 1017 cm-3) and ap+-
Gllo.47 Ino.53 As layer (80 A, 8 X lOIS cm -3). Tin and berylli-
um are used as n- and p-type dopants, respectively. The n +-
a1pennanent address: Electrical Engineering Dept., Chung·Cheng Institute 
of Technology, Taiwan, RepUblic of China. 
Gllo.47 Ino.53 As layer is grown to avoid the possibility of recti-
fication at the n-InP In-Gao.47 100.53 As interface. A Sn-Au 
contact is electroplated to the n + ·lnP substrate and sintered 
at 450 ·C for 20 s. Circular Au dots with various diameters 
are then deposited onto the front surface. A schematic dia-
gram of the completed device is shown in Fig. I(a). For the 
purpose of comparison, a part of the MBE wafer is used to 
fabricate a plain Auln-G!lp4.7 Ino,53 As Schottky diode after 
removing the p + surface layer. These control samples are 
prepared following exactly the same processing steps as de-
scribed above. 
The structure is designed in such a way that the p + layer 
is fully depleted at thermal equilibrium. The energy band 
diagram of this quasi-Schottky barrier diode, as shown in 
Fig. I(b), can be obtained by solving Poisson's equation. The 
enhancement of the barrier height for majority electrons is 
evident. It should be pointed out that the depletion of the p + 
layer is partly due to the p + -n junction and partly due to the 
P+-GOO.471n053AS (80 A, 8 x 1018 cm- 3 ) 
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FIG, 1. (a) Schematic diagram of the quasi-Schottky barrier diode using the 
p+ layer to raise the barrier height. (b) Energy band diagram at thennal 
equilibrium of the quasi-Schottky barrier diode. Notice that the ultrathin 
p+ layer is completely depleted. The inflection point A is the location of the 
p + -n junction. 
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FIG. 2. (al Current-voltage characteristic of a typical quasi-Schottky barrier 
diode. (Device area = 7.06 X 10- 4 cm21. (bl Current-voltage relation of a 
plane Au/n-Ga".47 1110 S3 As Schottky diode of the same area. 
Au/ p + -Gao.47 lIla. 53 As contact. A detailed analysis shows 
that the latter makes more contribution than the former. As 
a result, the peak of the potential energy is located inside the 
p + layer but close to the p + -n metallurgical junction. The 
inflection point in the energy band diagram, marked as A, is 
exactly the location of the p + -n junction. 
Figure 2(a) shows a typical current-voltage relation of a 
quasi-Schottky barrier diode with a diameter of 300 Ilm. The 
reverse leakage current is about 30 IlA at 1 V and 1151lA at 
1. 5 V. This corresponds to a reverse leakage current of 85 nA 
at 1 V and 0.331lA at 1.5 V for a 1 X 200-llm gate, provided 
that edge effects are insignificant. This leakage current is 
comparable to that of the oxide-enhanced Schottky diode. 7 
The reverse leakage current is found to increase exponential-
ly with the applied voltage. This can be caused by thermionic 
emission or tunneling. 13 A detailed study using temperature 
scan, for example, is needed to pinpoint the mechanisms re-
sponsible for the reverse leakage. 
The effective barrier height if> ~ of a quasi-Schottky bar-
rier diode can be calculated from the following expression: 
¢ ~ = (kT /q) In(A *T 2/J,), (1) 
where A * is the Richardson constant and Js is the reverse 
leakage current density. Taking A * = 4.92 A/cm2iK2 by 
assuming an electron effective mass of 0.041 mo , we obtain 
an effective barrier height of 0.47 V. The enchancement of 
the Schottky barrier height.d.¢ ~ due to the p + surface layer 
can be approximated by 
.d.¢~::::;qNAd2/2Es' (2) 
where Es is the permittivity of Gao 47 IIlas3As, NA is the dop-
402 Appl. Phys. Lett., Vol. 40, No.5, 1 March 1982 
ing level in the p+ layer, and d is the thickness of the p+ 
layer. It can be proved that the simple expression ofEq. (2) 
holds only when 
(3) 
whereN D is the doping level of the n-type layer and Vbi is the 
built-in potential of the p+ -n junction. The thickness and 
doping levels in the present structure satisfy this condition. 
As a result, the Schottky barrier enhancement is calculated 
to be 0.3 V, making a total effective barrier height of 0.5 V. 
This values agrees reasonably well with the result inferred 
from Eq. (1). 
The forward J- V characteristic shown in Fig. 2(a) fits 
the standard equation for a Schottky barrier diode, with an 
ideality factor of 1.3. This non unity ideality indicates a 
strong voltage dependence of the effective barrier height ¢ ~. 
This is not surprising for this quasi-Schottky structure in 
which the applied voltage is dropped across a depletedp+ 
layer as well as the depletion region in the n-type layer. 
While Schottky barriers with non unity ideality factors can 
generate excessive shot noise in mixer diode applications, 14 
this is somewhat immaterial for the field-effect transisitor 
application. If we arbitrarily define the cut-in voltage as the 
forward bias voltage to reach a current of 10 IlA, then the 
quasi-Schottky barrier diode has a cut-in voltage of 0.005 V. 
On the other hand, a Gao.47 IIla.s3 As p-n junction diode of the 
same area shows a cut-in voltage of 0.14 V. The fact that a 
quasi-Schottky barrier diode has a smaller cut-in voltage 
than a p-n junction diode is consistent with our expectation. 
The current-voltage characteristic of a plain 
Au/n-Gao.47 IIla.53 As Schottky diode (without the p + layer) 
is shown in Fig. 2(b) for comparison. It can be seen that the 
p+ -layer quasi-Schottky barrier reduces the reverse leakage 
current significantly, more than three orders of magnitude at 
0.6-V bias. 
In light of the discussion presented so far and the energy 
band diagram shown in Fig. l(b), we can estimate the free-
hole concentration in the p + layer. The hole concentration 
will be greatest at the location where the potential energy 
reaches its maximum. The maximum free-hole concentra-
tion is estimated to be 1.6 X 1014 cm -3 from the known sepa-
ration between the Fermi level and the valence band. This 
number is indeed negligibly small compared to NA , satisfy-
ing the condition of depletion, p<NA , wherep is the free-hole 
concentration. 
We also measured the capacitance-voltage (C-V) char-
acteristic of the diode. C-V measurement at 1 MHz shows no 
hysteresis, as expected. In contrast, hysteresis is usually ob-
served in the oxide-enhanced Schottky diode.7 A C -2 vs V 
plot suggests a uniform carrier concentration of 1.2 X 10 17 
cm -3 in the n-type layer and a barrier height of 0.51 V, in 
good agreement with the Hall measurement and J- V mea-
surement, respectively. 
In conclusion, we have demonstrated a quasi-Schottky 
barrier diode on n-Gao.47 lIla. 53 As substrates using a 
p + -Gao.47 IIla.53 As layer grown by MBE. The barrier height 
is enhanced by ap+ layer which is fully depleted at thermal 
equilibrium. An effective barrier height of 0.47 V, represent-
ing an enhancement of -0.27 V, has been obtained. A low 
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leakage current and a hysteresis-free capacitance-voltage 
characteristic suggest that this structure should be of excel-
lent quality for use as a gate in high speed FET applications. 
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Collection length of holes in a-Si:H by surface photovoltage using a liquid 
Schottky barrier 
Arnold R. Moore 
RCA Laboratories Princeton, New Jersey 08540 
(Received 21 October 1981; accepted for publication 9 December 1981) 
In a surface photovoltage determination of the collection length of holes in undoped amorphous 
Si:H, the ac surface photovoltage has been picked up by the use of a liquid Schottky barrier. The 
redox couple quinone-hydroquinone proved the best liquid. Simultaneous illumination with a 
bias light of up to 1 sun removes most of the internal barrier field allowing measurement of the 
ambipolar diffusion length. Values in the range 0.01-0.8 f-lm are found depending on the 
conditions of sample preparation. 
PACS numbers: 72.20.Jv, 73.40.Mr, 73.60.Fw 
In a recent article) Dresner, Szostak, and Goldstein 
(DSG) described the use of the surface photovoltage (SPV) 
method for measuring the ambipolar diffusion length in the 
photoconductive semi-insulator hydrogenated amorphous 
silicon. In this method the surface is illuminated with mono-
chromatic light at various wavelengths near the absorption 
edge. A photovoltage is developed between the surface and 
the bulk due to the back diffusion of minority carriers to a 
surface barrier and the subsequent charge separation in the 
barrier field. The light intensity at each wavelength is adjust-
ed for a constant photovoltage. The photovoltage was de-
tected by a Kelvin probe. In the present letter we wish to 
demonstrate that the surface photovoltage can alternatively 
be detected by a liquid Schottky barrier in direct contact 
with the surface. A significant improvement in signal-to-
noise and convenience is achieved. 
In the original SPY method2 as applied to crystalline Si 
and GaAs, the light beam was chopped at some fast rate and 
the signal picked up capacitatively by a closely spaced trans-
parent conducting electrode. This approach was not suitable 
for a-Si because the ac coupling is best at high chopping rates 
which are precluded by relatively slow trapping effects at the 
surface. Instead, DSG used unmodulated light and detected 
the dc photo voltage with a vibrating Kelvin probe. The mea-
surements were performed in an ultrahigh vacuum system in 
which the surface could be prepared by ion sputtering, an-
nealing, etc. Careful stabilization of the probe and complete 
shielding are necessary. 
It has long been known that the interface between a 
semiconductor and a suitably chosen electrolyte can be used 
to make a photoelectrochemical cell. Much effort thas been 
expended in attempts to use an oxidation-reduction (redox) 
reaction in the electrolyte solution with a platinum countere-
lectrode to form a self-regenerating solar cell. 3.4 In particu-
lar, with regard to a-Si Williams5 has shown that Schottky 
barriers form at the interface with a number of redox systems 
whose normal potentials are in the range - 0.1 to - 1.5 V 
(the sign is according to the convention of Latimer6 ). These 
attempts are spurred by the obvious advantages of the liquid 
contact: no complicated technology or high-temperature 
processes are required and the light can easily pass through 
the electrolyte into the space-charge region to form a con-
ceptually simple solar cell. Regardless of how one views the 
future of such devices, it is a fact that problems of stability 
arise especially when current is drawn from the cell. In the 
case of an illuminated n-type semiconductor there is a com-
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